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ABSTRACT
A know ledge o f  th e  p h a se  b e h a v io u r  f o r  th e  sy s tem  
U02(N03)2-A1(N03)3-H1T03~H20 i s  o f  v a lu e  i n  c o n n e c tio n  w ith  
t h e  r e c o v e ry  o f  s p e n t  r e a c t o r  ro d s*  D is s o lu t io n  i n  n i t r i c  
a c id  o f  th e  h e te ro g e n e o u s  u ran iu m  ro d s  e n c a se d  i n  alum inum  
j a c k e t s  i s  th e  i n i t i a l  s te p  i n  aq u eo u s p r o c e s s e s  f o r  th e  
r e c o v e ry  o f  f i s s i o n a b l e  m a t e r i a l s .
The sy s te m  was s tu d ie d  a t  te m p e ra tu re s  o f  0° C,
10 °C , and 20° C o v e r  a  l i m i t e d  ra n g e  o f  alum inum  n i t r a t e  
c o n c e n t r a t io n  c o r re s p o n d in g  to  t h a t  r e s u l t i n g  from  th e  
d i s s o l u t i o n  o f  th e  r e a c t o r  ro d  alum inum  c a se m e n ts .
The e x p e r im e n ta l  r e s u l t s  r e p r e s e n t in g  th e  c o m p o s itio n  
o f  s a t u r a t e d  s o l u t i o n s  w ere t a b u l a t e d  and th e  r e s u l t s  w ere 
r e p r e s e n te d  g r a p h i c a l l y  on p h a se  d ia g ra m s . The s o l i d  p h a se  
was i n v e s t i g a t e d  an d  was- fo u n d  to  be  th e  h e x a h y d ra te  o f  
u r a n y l  n i t r a t e  and th e  e n n e a h y d ra te  o f  alum inum  n i t r a t e  i n  
s o l u t i o n s  o f  low  n i t r i c  a c id  c o n c e n t r a t io n  and th e  t r i h y d r a t e  
o f  u r a n y l  n i t r a t e  and th e  e n n e a h y d ra te  o f  alum inum  n i t r a t e  
i n  s o l u t io n s  o f  h ig h  n i t r i c  a c id  c o n c e n tr a t io n *
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CHAPTER I
1
INTRODUCTION
D is s o lu t io n  o f  h e te ro g e n e o u s  n u c le a r  r e a c t o r  
f u e l  e le m e n ts  i s  th e  i n i t i a l  s te p  i n  aqueous p r o c e s s e s  
f o r  th e  r e c o v e ry  o f  f i s s i o n a b l e  and f e r t i l e  m a te r i a l s *
T h is  s te p  c o n v e r ts  th e  s o l i d  f u e l  t o  a  l i q u i d  p r o c e s s  f e e d  
m a t e r i a l .  Common f u e l  m a t e r i a l s ,  c o n s i s t in g  o f  u ra n iu m  
c o re s  e n c a se d  i n  alum inum  j a c k e t s ,  a r e  r e a d i l y  s o lu b le  i n  
n i t r i c  a c id .
I n  th e  d e s ig n  o f  an  e v a p o ra t in g  u n i t  t o  e f f e c t  
th e  e x t r a c t i o n  o f  u ran iu m  a s  u r a n y l  s a l t s  from  n i t r i c  a c id  
s o l u t i o n s  c o n ta in in g  alum inum  n i t r a t e  th e  sy stem  
UO2(NO3)2~A1 (NO3 ) 3-HNO3-H2O i s  o f  p r im a ry  c o n s id e r a t io n *
The sy s te m  was s tu d ie d  by a n a ly s in g  s a t u r a t e d  
s o l u t i o n s  o f  u r a n y l  n i t r a t e  i n  v a r i e d  c o n c e n t r a t io n s  o f  
n i t r i c  a c id  w ith  s p e c i f i c  c o n c e n t r a t io n s  o f  alum inum  
n i t r a t e  e q u i l i b r a t e d  a t  0°C , 10° C and 20° C*
The r e s u l t s  o f  th e  a n a l y s i s  o f  th e  s a t u r a t e d  
s o l u t io n s  w ere  i n t e r p r e t e d  by p h a se  d iag ram s*
The n a tu r e  o f  th e  s o l i d  p h a se  was i n v e s t i g a t e d  
and  i t  was shown t h a t  a t  low  c o n c e n t r a t io n s  o f  n i t r i c  a c id  
a c r y s t a l  m ix tu re  o f  U02(NC>3)2*6H20 and A1(N03)3*9H20 e x i s t s *  
I n  s o l u t io n s  o f  h ig h  n i t r i c  a c id  c o n c e n t r a t io n  
U02 CN03)2.3H20 and A1 (N03) 3 *9U20 e x i s t .
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CHAPTER I I
2
HISTORICAL DISCUSSION
A. C o la n i (1 )  was th e  f i r s t  i n v e s t i g a t o r  o f  th e  
t e r n a r y  sy s tem  U02(N03)2-HN03-H20. F u r th e r  work on t h i s  
sy s tem  a t  o t h e r  te m p e r a tu re s  h a s  b een  done by w o rk e rs  su ch  
a s  J .  G aunt ( 2 ) ,  and I*  B a s t ie n  (3 ) .
From a  l i t e r a t u r e  s u rv e y  o f  th e  C hem ical A b s t r a c t s ,  
th e  N u c le a r  S c ie n c e  A b s t r a c t s ,  t h e  J o u r n a l  o f  A m erican  
C hem ical S o c ie ty ,  I n d u s t r i a l  and  E n g in e e r in g  C h e m is try , 
th e  R u s s ia n  J o u r n a l  o f  A n a ly t i c a l  C h e m is try  and o th e r  
jo u r n a l s  i t  was e v id e n t  t h a t  no work had  b een  done to  d a te  
on th e  q u a te r n a r y  sy s te m  U02(N03)2-A1(N03)3-HN03-H20 »
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
3CHAPTER I I I  
THEORETICAL PRINCIPLES
B e fo re  d i s c u s s in g  th e  p r i n c i p l e s  and v a lu e  o f  
th e  p h a se  s t u d i e s  o f  th e  q u a te r n a ry  sy stem
U 02(N 03)2-A 1(N 03)3-H N 03-H 20, l e t  u s  c o n s id e r  f i r s t  t h e  so u rc e  
and c o n c e n t r a t io n  ra n g e  f o r  t h e s e  m a te r ia l s . .
R e a c to r  ro d s  a r e  u s u a l l y  c y l i n d r i c a l  ro d s  o f  
p u re  u ran iu m  a l lo y e d  w ith  sm a ll  am ounts o f  o th e r  m e ta ls  
to  s t a b i l i z e  t h e i r  s t r u c t u r e .  T hese  ro d s  a r e  su rro u n d e d  
by  an alum inum  c a se m e n t. The s p e n t  r e a c t o r  ro d s  a r e  
u s u a l l y  d i s s o lv e d  i n  b o i l i n g  n i t r i c  a c id  c o n ta in in g  a  sm a ll  
am ount o f  m e rc u r ic  n i t r a t e  (maximum .005  M) w hich c a t a l y z e s  
th e  d i s s o l u t i o n  by am algam ating  w ith  t h e  alum inum . From 
k i n e t i c  s t u d i e s  by  R. Wymer and R. B lan co  (*+) i t  was 
d e te rm in e d  t h a t  th e  d i s s o l u t i o n  r a t e  depended  upon  th e  
c o n c e n t r a t io n  o f  n i t r i c  a c id  and th e  c o n c e n t r a t io n  o f  
alum inum  n i t r a t e .  On th e  o t h e r  h a n d , th e  d i f f e r e n c e  i n  
d i s s o l u t i o n  r a t e  c a u se d  by v a ry in g  th e  u ran iu m  
c o n c e n t r a t io n  o f  th e  s o l u t i o n  was n o t  d i s t i n g u i s h a b l e  o v e r  
a  t e n  p e r  c e n t  r a n g e .  The r a t e  was a l s o  in d e p e n d e n t o f  th e  
amount o f  t h e  m e rc u r ic  n i t r a t e  c a t a l y s t  f o r  c o n c e n t r a t io n  
o v e r  .0 0 5  M.
S tu d ie s  on th e  d i s s o l u t i o n  r a t e  o f 1 5% u ran iu m  -  
85% alum inum  e x tru d e d  a l l o y s  show t h a t  th e  maximum r a t e
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
o c c u r r e d  a t  n i t r i c  a c id  c o n c e n t r a t io n  o f  e ig h t  m o la r and  a  
t o t a l  n i t r a t e  c o n c e n t r a t io n  o f  a p p ro x im a te ly  s i x  m o la r (5+ ).
The c h o ic e  o f  th e  com ponents f o r  th e  q u a te r n a r y  
sy s tem  i s  now e v id e n t ,  a s  i s  th e  c h o sen  c o n c e n t r a t io n s  o f  
n i t r i c  a c id  o f  0-10  M.
A cco rd in g  to  th e  p h a se  r u l e  o f  G ib b s ,
F  -  C-P+2
w here F s i g n i f i e s  th e  num ber o f  d e g re e s  o f  freed o m  i . e .  
t h e  num ber o f  in d e p e n d e n t ly  v a r i a b l e  e n t i t i e s .
C s i g n i f i e s  th e  num ber o f  com ponen ts.
P r e p r e s e n t s  th e  num ber o f  m e c h a n ic a l ly  
s e p a r a b le  p h a s e s .
2 r e p r e s e n t s  th e  two v a r i a b l e s  o f  te m p e ra tu re  
and  p r e s s u r e .
T h is  sy s tem  was i n v e s t i g a t e d  u n d e r  i s o th e r m a l  
c o n d i t io n s  th u s  th e  p h a se  r u l e  d e f in e s  th e  num ber o f  d e g re e s  
o f  freed o m  f o r  t h i s  sy s tem  a s  e q u a l  to  th e  num ber o f  
com ponents m inus th e  num ber o f  p h a s e s  p lu s  o n e .
At a lm o s t a l l  c o n c e n t r a t io n s  o f  alum inum  n i t r a t e  
and n i t r i c  a c id  and a t  a l l  te m p e ra tu re s  ( e x c e p t  f o r  
0 .5  M A1 (1103)3 ^  20° c ) ‘fche sy s tem  c o n s i s t e d  o f  f o u r  
com ponents and f o u r  p h a s e s .  The f o u r  com ponents we r e  
u r a n y l  n i t r a t e ,  alum inum  n i t r a t e ,  n i t r i c  a c id  and w a te r .
The f o u r  p h a s e s  w ere a  l i q u i d  p h a s e ,  two s o l i d  p h a s e s ,  and 
t h e  v a p o u r p h a s e .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
5At low  c o n c e n t r a t io n s  o f  n i t r i c  a c id  th e  s o l i d  
p h a s e s  w ere  0 0 2 (2 0 3 )2 .6H2O and A l( 2 0 3 ) 3 .9 ^ 0  w h ile  a t  h ig h  
c o n c e n t r a t io n s  o f  n i t r i c  a c id  th e  two s o l i d  p h a s e s  w ere 
U02(N03>2.3H20 and A K M ^ ^ . ^ O .
C o n s id e r in g  any f i x e d  te m p e ra tu re  th e  num ber 
o f  in d e p e n d e n t v a r i a b l e s  i s  
F s  C -P + l
a k-h + 1  
a 1
T h at i s ,  e i t h e r  th e  p r e s s u r e  o r  th e  c o m p o s itio n  o f  th e  
com ponents can  be v a r i e d  in d e p e n d e n t ly .  H aving s t i p u l a t e d  
e i t h e r  th e  p r e s s u r e  o r  th e  c o m p o s it io n , th e  sy s te m  becom es 
i n v a r i a n t ,  i . e .  F » 0 .
At some p a r t i c u l a r  p o in t  th e  sy s te m  c o n s i s t s  o f  
f o u r  com ponents and f i v e  p h a s e s .  The p h a s e s  c o n s i s t  o f  
t h e  v a p o u r p h a s e ,  a  l i q u i d  p h a se  s a t u r a t e d  w ith  r e s p e c t  
t o  u r a n y l  n i t r a t e  and alum inum  n i t r a t e ,  and t h r e e  s o l i d  
p h a s e s ,  D02(N03)2*6H20 , U02 ( 2 0 3 )2 .3 2 2 0 , and A1 (2 0 3 )3 .9 2 2 0 . 
T h is  p o in t  r e p r e s e n t s ,  a c c o rd in g  to  th e  p h a se  r u l e  ( f o r  
c o n s ta n t  te m p e ra tu re )  an i n v a r i a n t  p o i n t ;  t h a t  i s ,  a  
t e r n a r y  e u t e c t i c  w here no v a r i a b l e  can  be a l t e r e d  w ith o u t  
c h an g in g  th e  sy s te m .
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6CE&PTER IV
EXPERIMENTAL DETAILS
P r e p a r a t io n  and E q u i l i b r a t i o n  o f  Sam ples
T h i r t y - t h r e e  s o l u t io n s  w ere made up fro m  0 to  
10 M I-IHO3 i n c l u s i v e  and 0 .5  M, 1 .0  M, and 1 .5  M A1 (1103)3..
Ten m is . o f  each  o f  th e s e  s o l u t io n s  was p i p e t t e d  i n t o  
125 m l. g l a s s  L o t t i e s  e ach  c o n ta in in g  s u f f i c i e n t  u r a n y l  
n i t r a t e  h e x a h y d ra te  ( a p p ro x im a te ly  25 gram s) f o r  
s a t u r a t e d  s o l u t i o n s .  The b o t t l e s  w ere s e a le d  w ith  
p o ly e th y le n e  to p s  and w ere h e a te d  i n  a  w a te r  b a th  f o r  two 
h o u rs  a t  a  te m p e ra tu re  a p p ro x im a te ly  tw e n ty  d e g re e s  h ig h e r  
th a n  th e  e q u i l i b r a t i o n  te m p e r a tu re  to  e f f e c t  co m p le te  
d i s s o l u t i o n .  The b o t t l e s  w ere th e n  su sp en d ed  by  w ire s  i n t o  
a c i r c u l a t i n g ,  c o n s ta n t  te m p e ra tu re  (±0 . 1 °C ), w a te r  b a th  
and w ere l e f t  f o r  o v e r  *+8 h o u r s .  I t  was e s t a b l i s h e d  by 
r e p e a te d  a n a l y s i s  t h a t  e q u i l i b r a t i o n  was a t t a i n e d  w i th in  
12 h o u r s .
Sampling
Sam ples o f  th e  l i q u i d  p h a se  w ere e x t r a c t e d  u s in g  
a  f i l t e r  p i p e t t e  made by p a c k in g  a p ie c e  o f  q u a r t e r  in c h  
g l a s s  tu b in g  w ith  o n e - h a l f  in c h  o f  g l a s s  w ool. S o l id  sam p les 
were removed with a glass spatula. The sampling time was 
a p p ro x im a te ly  20 se co n d s  and th e  e q u i l ib r iu m  was c o n s id e re d  
u n d i s tu r b e d .
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The sam p les w ere a n a ly z e d  a c c o rd in g  to  M ethod 1 
o f  R. R. F r a s e r  ( 5 )? hy w hich an  a l i q u o t  o f  th e  sam ple  was 
e v a p o ra te d  w ith  H2SOI4., r e d i s s o l v e d  and p a s s e d  th ro u g h  a 
J o n e s  r e d u c to r  t o  c o n v e r t  t h e  u ra n iu m  to  th e  UO^ and U02**’ 
fo rm s . The sam ple  was a e r a t e d  to  fo rm  th e  fo rm
e x c lu s iv e ly  th e n  t i t r a t e d  w ith  s ta n d a r d iz e d  e e r i e  s u lp h a te  
s o l u t io n  u s in g  f e r r o u s  p h e n a n th r o l in e  i n d i c a t o r .  A ccu racy  
o f  th e  m ethod was w i th in  one p e r  c e n t .  The sam p les w ere 
a n a ly z e d  i n  d u p l i c a t e  and th e  r e s u l t s  w ere a v e ra g e d .
N i t r i c  A cid  A n a ly s is
The n i t r i c  a c id  c o n te n t  was d e te rm in e d  by a 
p ro c e d u re  b a se d  on a  m o d if ic a t io n  o f  th e  m ethod o f  
J .  B ro th e r s  and W. O lm stead  ( 6 ) .  The alum inum  was 
p r e c i p i t a t e d  a s  th e  d o u b le  s a l t  by p o ta s s iu m  f l u o r i d e  
a c c o rd in g  to  th e  r e a c t i o n :
A1'm*‘+ 6KF— » AIF3.3KF + 3K+
The u ran iu m  was p r e c i p i t a t e d  a c c o rd in g  to  th e  r e a c t i o n :
U02'H‘ + t o —*U02F 2 . 2KF + 2K+’
The f r e e  n i t r i c  a c id  was d e te rm in e d  by t i t r a t i n g  
th e  m ix tu re  w i th  s ta n d a r d iz e d  sodium  h y d ro x id e . The 
m o d i f ic a t io n  o f  th e  c i t e d  m ethod c o n s i s t e d  o f  u s in g  2m ls. 
o f  s a t u r a t e d  KF s o l u t io n  made n e u t r a l  to  p h e n o p h th a le in ,  
r a t h e r  th a n  th e  KF c o n c e n t r a t io n  s t i p u l a t e d .  The a c c u ra c y  
o f  th e  a n a l y s i s  was d e te rm in e d  by a n a ly z in g  sam p les o f  known
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alum inum  n i t r a t e  c o n c e n t r a t i o n s .  The sam p les w ere a n a ly z e d  
i n  d u p l i c a t e ,  th e  a c c u ra c y  o f  th e  r e s u l t s ,  a s  d e te rm in e d  on 
th e  s ta n d a r d  sa m p le s , was w i th in  one p e r  c e n t .
Aluminum A n a ly s is
A f te r  an  e x te n s iv e  l i t e r a t u r e  su rv e y  i t  was
c o n c lu d e d  t h a t  A lHf i n  a c id  medium c o n ta in in g  io n s
c o u ld  be  d e te rm in e d  o n ly  by  th e  s ta n d a r d  m ethod o f
G. L u n d e ll  and H. K now les ( 7 ) .  However t h i s  m ethod was
n o t  a p p l i c a b l e  t o  t h i s  sy s te m . The c o n c e n t r a t io n  o f  UO2**'
was much h ig h e r  i n  p r o p o r t io n  to  th e  c o n c e n t r a t io n  o f  A lt1*
io n ,  a n d , a s  a  r e s u l t  t h e  u ran iu m  was c o p r e c i p i t a t e d  w ith
th e  alum inum .
C o lo r im e tr ic  m ethods w ere  n o t  a p p l i c a b l e  b e c a u se
o f  th e  i n t e r f e r e n c e  o f  th e  b r i g h t l y  hued  u r a n y l  i o n .  O th e r
s ta n d a r d  m ethods f o r  alum inum  were n o t  d i r e c t l y  a p p l i c a b l e
b e c a u se  o f  th e  i n t e r f e r e n c e  o f  u ra n iu m .
A f te r  c o n s id e r a b le  e x p e r im e n ta t io n 51, an  a c c u r a te
m ethod was e s t a b l i s h e d  f o r  th e  d e te r m in a t io n  o f  r e l a t i v e l y
| | |
sm a ll  am ounts o f  A1 ( a p p ro x im a te ly  2 mgm i n  10 ml sam ple) 
i n  t h e  p re s e n c e  o f  l a r g e r  am ounts o f  1102^" (3 gni o r  more i n  
10 ml sample). This represents the approximate concentrations 
o f  alum inum  and u ra n iu m  i n  th e  sy s te m .
a  -  See A ppendix
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9The f o l lo w in g  i s  a d e t a i l e d  d e s c r i p t i o n  o f  th e
p ro c e d u r e .
Ten m is . o f  sam ple  and one d rop  o f  a lu m in o n  
s o l u t io n  w ere p i p e t t e d  i n t o  a  50 m l. c e n t r i f u g e  tu b e .
W ith th e  a d d i t i o n  o f  an e x c e s s  o f  f r e s h l y  p re p a re d  
s a t u r a t e d  ammonium b ic a r b o n a te  s o l u t i o n  th e  AI+rt’ i s  
p r e c i p i t a t e d  a s  AlCOH)^ w h ile  th e  u ra n iu m  re m a in s  i n  
s o l u t io n  a s  th e  com plex compound 1103(003 )3(WHl|.))+. The 
s o l u t i o n  was h e a te d  to  e f f e c t  c o a g u la t io n  o f  th e  A1(0H ')3, 
th e n  c e n t r i f u g e d  f o r  5 m in u te s  a t  maximum c e n t r i f u g e  sp eed  
(2000 r . p . m . ) .  The s u p e r n a ta n t  l i q u i d  was rem oved w ith  a 
50 m l. p i p e t t e  a t t a c h e d  to  a w a te r  a s p i r a t o r .  The d e c a n ta te  
was exam ined to  a s s u r e  th e  a b se n c e  o f  alum inum , (a lu m in o n  
t e s t  d e t e c t s  th e  p re s e n c e  o f  0 .0 2  mgm A l ^ p e r  10 m l. s a m p le ) . 
The alum inum  h y d ro x id e  was r e d i s s o l v e d  i n  5 m l. o f  3N E^SOi* 
and  was r e p r e c i p i t a t e d  w ith  th e  s a t u r a t e d  ammonium 
b ic a r b o n a te  s o l u t io n  to  e f f e c t  a  more c o m p le te  s e p a r a t io n  o f  
th e  alum inum  fro m  any u ran iu m  o c c lu d e d  i n  th e  f i r s t  
p r e c i p i t a t i o n .
The alum inum  h y d ro x id e  was th e n  r e d i s s o l v e d  i n  
5 m l. o f  3N E^SOif by h e a t in g  i n  a  w a te r  b a th .  H eat was 
r e q u i r e d  to  e f f e c t  s o l u t io n  o f  th e  alum inum . D is s o lu t io n  
o f  th e  alum inum  h y d ro x id e  i n  HC1 a lw ays cau se d  th e  r e s u l t s  
t o  be from  7 t o  12 p e r  c e n t  lo w . Two m is . o f  8 h y d ro x y - 
q u in o l in e  s o l u t i o n  (5 $  i n  2H a c e t i c  a c id )  w ere ad d ed , th e n
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2N ammonium a c e t a t e ,  u n t i l  a  p r e c i p i t a t e  fo rm ed  a f t e r  w hich  
20 m is . w ere added  i n  e x c e s s .  I f  more th a n  20 m is . o f  
a c e t a t e  s o l u t i o n  w ere ad d ed , th e  pH became to o  h ig h  and th e  
8 h y d ro x y q u in o lin e  r e a g e n t  i t s e l f  p r e c i p i t a t e d .  A f te r  
h e a t in g  i n  a  w a te r  b a th  to  e f f e c t  c o a g u la t io n ,  th e  alum inum  
o x in a te  was s e p a r a te d  from  th e  e x c e s s  r e a g e n t  by c e n t r i f u g i n g  
and d e c a n t in g .  The alum inum  o x in a te  was d i s s o lv e d  i n  10 m l. 
o f  kl\f HC1 , 0 .5  gm. o f  KBr was added  and th e  s o l u t io n  was 
o v e r t i t r a t e d  w ith  s ta n d a r d  KBr03 s o l u t i o n .
A f te r  th e  a d d i t i o n  o f  1 gm. o f  K I, th e  s o l u t io n  
was back  t i t r a t e d  to  a  s t a r c h  end p o in t  w ith  sodium  
th io s u lp h a t e  s o l u t i o n .  The a c c u ra c y  o f  th e  a n a l y s i s ,  a s  
d e te rm in e d  by a n a ly z in g  s ta n d a r d  s o l u t io n s  o f  alum inum  
p o ta s s iu m  s u lp h a te  c o n ta in in g  v a ry in g  am ounts o f  u r a n y l  
n i t r a t e  and n i t r i c  a c id ,  was w i th in  one p e r  c e n t .
I d e n t i f i c a t i o n  o f  th e  S o l id  P h ase
The sy s tem  a t  20° 0 and 0 .5  M A1 (1103)3 was 
u n s a t u r a t e d  w ith  r e s p e c t  to  alum inum  n i t r a t e .  I t  was th e n  
p o s s ib l e  t o  i d e n t i f y  th e  s o l i d  p h a se  by th e  m ethod o f  
F .A .H . S c h re in e m a k e rs  (8 )  a s  UOpCFC^p^HqO a s  i n d i c a t e d  in  
F ig u r e  3 , p . 2h . F o r  th e  sy stem  a t  20°C and h ig h e r  
c o n c e n t r a t io n s  o f  alum inum  n i t r a t e  and f o r  a l l  sy s te m s a t  
t h e  lo w e r te m p e r a tu re s  th e  s o l u t io n s  w ere s a t u r a t e d  w ith  
alum inum  n i t r a t e  a s  w e l l  a s  u ran iu m  n i t r a t e .  Thus th e  m ethod 
o f  S c h re in e m a k e rs  was n o t  a p p l i c a b l e  b e c a u se  th e  s o l i d  p h a se
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was n o t  hom ogeneous. A sam ple  o f  th e  s o l i d  p h a se  was 
e x t r a c t e d  from  a sy s tem  o f  h ig h  n i t r i c  a c id  c o n c e n t r a t io n  
(a p p ro x im a te ly  hOfo HNO3). The s o l i d  was s e p a r a t e d ,  d r i e d ,  
and exam ined u n d e r  a  m ic ro sc o p e . Two d i s t i n c t  c r y s t a l  
s t r u c t u r e s  w ere o b se rv ed ^  some c r y s t a l s  w ere c l e a r  and 
o c ta g o n a l  w h ile  th e  o th e r s  w ere y e llo w  rhom bic  c r y s t a l s .
The two ty p e s  w ere s e p a r a te d ,  w e ig h ed , and a n a ly z e d  f o r  
u ran iu m  and alum inum . The c l e a r  c r y s t a l s  c o n ta in e d  no 
u ra n iu m  and 55 alum inum  a s  w t. p e r  c e n t  alum inum  n i t r a t e .  
Assum ing t h a t  th e  re m a in d e r  o f  th e  w e ig h t was due to  w a te r  
o f  h y d r a t io n ,  th e  s o l i d  was shown to  be A K N C ^ ) ^ .5H20 . The 
y e llo w  c r y s t a l s  c o n ta in e d  no alum inum  and 87*75% u ran iu m  
a s  w t. p e r  c e n t  u r a n y l  n i t r a t e .  A gain  assum ing  t h a t  th e  
re m a in d e r  o f  th e  w e ig h t was due to  w a te r  o f  h y d r a t io n ,  th e  
s o l i d  i s  U02 (N 03)23 .1H 20 .
From th e  a b ru p t  change i n  th e  i n c l i n a t i o n  o f  th e  
e q u i l ib r iu m  c u rv e  a t  n i t r i c  a c id  c o n c e n t r a t io n s  o f  
10- 25% HNO3, i t  was d educed  t h a t  th e  c o m p o s itio n  o f  th e  s o l i d  
p h a se  was d i f f e r e n t  a t  low  c o n c e n t r a t io n s  o f  n i t r i c  a c i d .  A 
sy stem  w ith  a  low  c o n c e n t r a t io n  o f  HNO3 and s a t u r a t e d  w ith  
r e s p e c t  to  u r a n y l  n i t r a t e  and alum inum  n i t r a t e  was e q u i l i b r a t e d  
a t  room te m p e r a tu r e .  A sam ple  o f  t h e  s o l i d  p h a se  was 
e x t r a c t e d ,  d r i e d ,  and a n a ly z e d  f o r  u ran iu m  and alum inum .
The u ran iu m  was assum ed to  e x i s t  a s  U02 ( IIO3) 2 • xH20 and th e  
alum inum  a s  A lCN C^^.yH pO . From th e  r e s u l t s  o f  th e  a n a l y s i s
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we o b ta in e d  5 2 .3 $  by w e ig h t a s  u r a n y l  n i t r a t e ,  16 . h$ by 
w e ig h t a s  alum inum  n i t r a t e ,  and HNO3. The re m a in d e r  30 . 0$ 
was assum ed to  be w a te r  o f  h y d r a t io n .  Thus l 8 ( x + y ) ( 607 . 3+ l8 (x+ y) 
-  .3 0  fro m  w hich  we g e t  x+y » i h . 5* Assum ing th e  u r a n y l  
n i t r a t e  i s  p r e s e n t  a s  th e  h e x a h y d ra te  i . e .  x  = 6 we g e t  
y  = 8, 5. The s o l i d  p h a se  was t h e r e f o r e  assum ed to  be  a 
c r y s t a l  m ix tu re  o f  u r a n y l  n i t r a t e  h e x a h y d ra te  (1102(1*03)2*61*20) 
and alum inum  n i t r a t e  e n n e a h y d ra te  (11(1*03)3.91*20).
T h is  was com m surate w ith  th e  s t u d i e s  o f  th e  change 
i n  h y d r a t io n  s t a t e  o f  u r a n y l  n i t r a t e  i n  v a ry in g  c o n c e n t r a t io n s  
o f  n i t r i c  a c i d ,  by K. In am u ra  ( 9 )* The c o n s is te n c y  o f  th e  
h y d r a te  fo rm  o f  alum inum  n i t r a t e  i s  s u b s t a n t i a t e d  by  th e  
work o f  G. M alq u o ri (10 ) .
Qualitative Studies of the System
I t  was shown t h a t  th e  sy s te m  s a t u r a t e d  w ith  
u r a n y l  n i t r a t e  a t  2 0 °C was a l s o  s a t u r a t e d  w ith  alum inum  
n i t r a t e  a t  a  c o n c e n t r a t io n  b e tw een  0 ,5  and 1 .0  M 11(1*03)3, 
( c o r r e s p o n d in g  to  a p p ro x im a te ly  8% by w e ig h t)  and a l l  
c o n c e n t r a t io n s  o f  n i t r i c  a c id .
A sy stem  com posed o f  th e  h ig h e s t  c o n c e n t r a t io n s  
o f  u r a n y l  n i t r a t e  ( 26$ by w e ig h t) ,  n i t r i c  a c id  (10 M), 
and alum inum  n i t r a t e  ( 1 .5  M) was e q u i l i b r a t e d  a t  v a r io u s  
te m p e r a tu re s  to  d e te rm in e  th e  p o in t  a t  w hich  a l l  th e  
m a t e r i a l s  d i s s o lv e d .  T h is  te m p e ra tu re  was 30°C .
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EXPERIMENTAL RESULTS
T a b le  I  -  The System  U0 2 (N0 3 ) 2-A1 (N0 3 ) 2-HN03-H 20
F o r  0 .5  M A1 ( 1103)3 a t  0°C
Grams P e r  100 Grams S a tu r a te d  S o lu t io n  
U02 (N 03)2 A l( 1103)3 HNO3 S o l id  P h ase
b5.Q 5 .7 0 .7 A+B
b l  .5 6 .1 2 .9 A+B
3 5 .7 6 .5 5 .6 A+B
2 9 .9 6 .8 9 .1 A+B
2 2 .9 6 .7 1 2 .8 A+B
1 7 .1 7*3 1 7 .1 A+B
1 3 .0 7 .2 21 .M- A+B
1 0 .2 7 .3 2i+..8 A+B
8 .9 7 .2 2 8 .1 B+C
9 .3 5 .2 3 2 .7 B+C
1 0 .5 2 .2 3 6 .9 B+C
A -  U02 (N 03)2 .6H 20 
B -  A l( 1103) 3.91120 
C -  U02 (N 03)2 .3H 20
A, B, and C w i l l  r e p r e s e n t  
th e  s t i p u l a t e d  compounds 
i n  a l l  f u r t h e r  d i s c u s s io n s ,
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TaM e I I  -  The System  U02 (N 03)2-Al(iro3)2-H N03-H 20
For 1.0 M A1 (1103)3 At 0° c *
Grams P e r  100 Grams S a tu r a te d  S o lu t io n
U02( 1103)2 AITNO3T3 HITO3 S o l id  P h ase
3 ^ .6 8 .2 0 .7 A+B
2 9 .3 8 .9 2 .9 A+B
2 3 .8 8 .9 5 .9 A+B
1 8 .7 9 .9 8 .9 A+B
1 3 .8 1 0 .9 1 2 .5 A+B
1 0 .1 1 2 .1 1 6 .1 A+B
8 .5 1 2 .9 1 8 .5 A+B
1 1 .5 2 2 .8 B+C
9 .2 7 .8 2 7 .5 B+C
9 .7 k .8 3 1 .1 B+C
1 0 .3 2 .6 3 5 .7 B+C
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Table I I I  -  The System U02 (N03)2~A1(
For 1.5 M A1 (1103)3 At ° ° c -
Grams P e r  100 Grams S a tu r a te d  S o lu t io n
U0 2 (N0 3 )2 A1 (1103)3 HNO3 S o l id  P h ase
2 0 .9
1 5 .2
1 2 .5
9 .1  
7 .3
7 .5
8.6
9 .1  
9 .7
10 .2
10.6
9 .1  
10.1
1 0 .7
11.8 
1 2 .5
1 3 .1
12.1
9 .2
5 .5  
3 .7
2 .6
1.1
3 .3
5 .9
8.8
11.2
15 .2
2 0 .9
2 5 .1  
28.0
3 2 .2  
36.6
A+B
A+B
A+B
A+B
A+B
B+C
B+C
B+C
B+C
B+C
B+C
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Table IV -  The System U02CN03)2-A1(N03)3-HN03-H20
For 0,5  M A1 (1103)3 At 10°c *
Grams Per 100 Grams Saturated Solution
U02(N03)2 Al( 1103)3 HNO3 Solid Phaso
b 8 .5 *+.2 0 .6 A+B
M u 0 h .8 2 .5 A+B
3 9 .5 5 .0 5 .0 A+B
3 5 .0 *u6 7 .9 A+B
2 9 .6 5 .6 1 1 .2 A+B
2*u5 5 .8 1 5 .3 A+B
2 0 .3 7 .3 1 8 .7 A+B
1 7 .1 7 .3 2 1 .8 A+B
1 5 A 7 .6 2 ^ .7 A+B
1 5 .2 6 .1 2 7 .2 A+B
1 5 .9 5 .6 2 9 .5 B+C
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T a h le  V -  The System  U02 ( 1103) 2- AlCN03) 3~HH03-H20 
F o r  1 .0  M A1 (N0 3 )3  At 10oC.
Grams F e r  100 Grams S a tu r a te d  S o lu t io n
U02 (N 03)2 ' A1 (1103)3 HNO3 S o l id  P h a se
3 8 .9 3 .9 0 *^ + A+B
3 3 .8 5 .0 2 .8 A+B
2 9 .3 5 .7 5 .3 A+B
2 If. 7 5 .7 CO . 0 A4B
2 0 .2 6 .1 1 1 .5 A+B
1 6 .2 6.*+ 1 5 .0 A+B
l^f* 8 .0 1 7 .3 A+B
1 3 .2 9 .^ 2 0 .0 A+B
1 ^ .0 9 .3 2 ^ .3 B+C
1 3 .7 6 .3 2h„8 B+C
1 6 .6 5 .1 3 1 .6 B+C
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T a b le  VI -  The System  U02 (N0 3 ) 2-A1 (N0 3 ) 3-HN03-H 20 
F o r  1 .5  M A1 ( 1303)3 At 1 0 °C.
Grams P e r  100 Grams S a tu r a te d  S o lu t io n
UO2 CNO3T 2 A l( 1103)2 ~ ~ HNO3 S o l id  P h a se
2 5 .8 8 .3 0 .6 A+B
2 1 . If 8 .5 2 .8 A+B
1 7 .6 9 .0 5 .5 A+B
l* f . l 9 .3 8 .0 A+B
1 1 .9 9 .3 1 0 .6 A+B
1 0 .6 1 0 .1 1 3 .2 A+B
1 1 .0 8 .5 1 6 .8 B+C
1 3 .5 1 1 . ^ 2 1 .7 B+C
1 ^ .0 8 .8 2 k ,8 B+C
1 5 .3 5 .2 2 8 .9 B+C
1 8 .2 H-.2 3 5 .1 B+C
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T a b le  V II -  The S ystem  ^ ( ^ ^ - A l C N C ^ ^ - H M ^ - ^ O  
F o r  0 .5  M A1 (N03 )3  At 2 0 °C.
Grams P e r  100 Grams S a tu r a te d  S o lu t io n  
U02(N03>2 A l( 1-103)3 HNO3 & -, -A
L iq u id  S o l id  L iq u id  S o l id  L iq u id  S o l id  P h ase
%8.2 6 8 .7 6 , b - 0 .0 0 .0 A
^ 2 .0 6V.8 6 .2 - 2 .1 0 .7 A
3 9 .0 6 5 .3 6 .7 - U-.1* l A A
3 5 .1 6 ^ .2 6 .9 - 7 .2 2 .2 A
31 . ^ 6%. 3 7 .2 - 1 0 .2 3 .1 A
2 8 .6 6 6 .2 7 .8 - 1 3 .3 3 .2 A
25.-2 6Li-.9 8 .0 - 1 6 .9 *+.0 A
2 2 .8 6301!- 7 .7 - 2 0 .0 5 .1 A
2 0 .9 6%. 6 7 .5 - 2 2 .6 A
2 1 .0 6 ^ .8 7 .3 - 25.-1 5 .8 A
2 2 .2 6b ,  5 7 .1 - 2 7 .3 6 .7 A
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T able V III -  The System  U02 (N03) 2-A1 (CT03) 3-HJU03-H20
For 1 .0  M A1 (1103)3 At 20°C.
Grams P e r  100 Grams S a tu r a t e d  S o lu t io n
U02(N03.>2 AOTO3I 3 MO3 S o l id  P h a se
U6.»f 9 .7 0 .0 A+B
kO.2 1 0 .0 2 .0 A+B
3 6 .V 1 0 .6 *f.O A+B
3 2 .3 1 0 .9 6 .3 A+B
2 8 .1 1 1 .2 9 .6 A+B
25+.6 l l . 5-!- 1 1 .6 A+B
2 3 .0 1 1 .9 1 5 .2 A+B
2 1 .8 1 1 .9 1 7 .7 A+B
2 1 .6 1 0 .5 2 0 .0 B+C
2 2 .7 1 0 .3 2 1 .9 B+C
2 5 .3 5 .7 2 5 .6 B+C
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T a b le  IX -  The System  U02(N03)2-A1(M >3)3-HN03-H20
F o r  1 .5  M A1 (1103)3 At 20° c *
Grains P e r  100 Grams S a tu r a te d  S o lu t io n
U02 (N 03)2 ' A1 (N03 )3  HNO3 S o l id  P h a se
3 0 .9 8 .7 0 .5 A+B
2 7 .8 9 .2 2 .5 A+B
2 5 .0 9 .7 h..8 A+B
2 1 .2 1 0 .2 7 .3 A+B
1 9 .1 9 .^ 9 .7 A+B
1 7 .8 9 .5 1 2 .0 A+B
1 7 .2 1 0 .9 1 ^ .6 B+C
19*6 1 0 .  h 1 7 A B+C
2 1 .2 1 0 .1 1 9 .^ B+C
2 3 .5 8 .7 2 2 .6 B+C
2 5 .6 6 .1 2 5 .0 B+C
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CHAPTER VI
DISCUSSION OF RESULTS 
AND CONCLUSIONS
The p h a se  e q u i l i b r i a  s t u d i e s  o f  t h e  sy stem  
U02 (NO3 ) 2~A1 (NO3 ) 3-HNO3-H2O a s  s tu d ie d  a t  0°C , 1 0 °C, and 
2 0 °C a r e  f a r  fro m  c o m p le te . The scope  o f  th e  i n v e s t i g a t i o n  
was l i m i t e d  by  th e  ra n g e  o f  c o n c e n t r a t io n s  f o r  n i t r i c  a c id  
(up  to  10 M) and alum inum  n i t r a t e  (up to  1 .5  M). H ow ever, 
w i th in  th e  ra n g e  o f  c o n c e n t r a t io n s  o f  com ponents f o r  w hich 
th e  sy s tem  i s  im p o r ta n t ,  t h e  r e s e a r c h  i s  a d e q u a te ly  
e x te n s iv e .
From th e  c o n s i s te n c y  o f  th e  d a ta  a s  i n d i c a t e d  by 
th e  sm a ll  d e v ia t i o n s  from  th e  c u rv e  p l o t t e d  th ro u g h  th e  
p o in t s  r e p r e s e n t i n g  th e  r e s u l t s  o f  th e  a n a l y s i s ,  th e  
sam p lin g  te c h n iq u e  and m ethods o f  a n a l y s i s  w ere q u i te  
r e l i a b l e .  H ow ever, one w i l l  n o te  upon p l o t t i n g  th e  a n a l y s i s  
r e s u l t s  on a  g ra p h  w ith  one o f  th e  c o o rd in a te s  r e p r e s e n t in g  
t h e  c o n c e n t r a t io n s  o f  alum inum  n i t r a t e ,  t h a t  a t  h ig h  
c o n c e n t r a t io n s  o f  n i t r i c  a c id  th e  c u rv e  shows a m arked 
d e v ia t i o n  fro m  w hat c o u ld  be e x p e c te d . W hether t h i s  
anam oly r e p r e s e n t s  some p a r t i c u l a r  phenom enon, o r  w h e th e r  i t  
i n d i c a t e s  some f a u l t y  te c h n iq u e ,  was n o t  d e te rm in e d . A ll  
sam p les  whose a n a l y s i s  r e s u l t s  showed t h i s  d is c r e p a n c y  
w ere  r e - a n a ly z e d .  I n  a lm o s t a l l  c a s e s ,  th e  check  on th e  
a n a l y s i s  was: w i th in  1 p e r  c e n t  o f  th e  m ed ian .
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The a n a l y t i c a l  r e s u l t s  r e p r e s e n t in g  th e  c o m p o s itio n  
o f  th e  s a tu r a te d ,  s o l u t io n s  w ere f o r  c lo s e d  sy s te m s w ith  
t h e  v a p o u r above th e  l i q u i d  i n  e q u i l ib r iu m  w ith  th e  s o l u t i o n .  
How ever, t h e s e  r e s u l t s  a r e  a p p l i c a b l e  to  open sy s te m s w ith  
t h e  p r e s s u r e  above th e  s o l u t io n  b e in g  a tm o s p h e r ic  p r e s s u r e .
I n  th e  c lo s e d  sy s te m , th e  d i s s o lv e d  s a l t s  w ould te n d  to  
lo w e r th e  v a p o u r p r e s s u r e  o f  th e  sy s tem  w h ile  th e  d i s s o lv e d  
n i t r i c  a c id  w ould te n d  to  r a i s e  th e  v ap o u r p r e s s u r e .  The 
o v e r a l l  d i f f e r e n c e  i n  p r e s s u r e  b e tw een  t h a t  f o r  th e  c lo s e d  
sy s tem  and t h a t  f o r  th e  open sy s te m  (a tm o s p h e r ic )  w ould h av e  
no a p p r e c ia b le  e f f e c t  on th e  s o l u b i l i t y  o f  th e  u ran iu m  and 
alum inum  s a l t s .
L e t u s  c o n s id e r  th e  p h a se  d iag ram s f o r  th e  sy s te m . 
I t  was d e te rm in e d  by a n a l y s i s  t h a t  a t  low  c o n c e n t r a t io n s  o f  
n i t r i c  a c id  t h e  s o l i d  p h a se  c o n s i s t e d  o f  th e  h e x a h y d ra te  o f  
u r a n y l  n i t r a t e  and th e  e n n e a h y d ra te  o f  alum inum  n i t r a t e .  I n  
s o l u t io n s  o f  h ig h  n i t r i c  a c id  c o n c e n t r a t io n  th e  s o l i d  p h a se  
c o n s i s t e d  o f  th e  t r i h y d r a t e  o f  u r a n y l  n i t r a t e  and a g a in  th e  
e n n e a h y d ra te  o f  alum inum  n i t r a t e .  The p o in t  X on th e  p h a se  
d iag ram s r e p r e s e n t s  th e  t e r n a r y  e u t e c t i c  p o in t  w here th e  
s o l i d  p h a se  was composed o f  th e  t h r e e  h y d ra te d  s a l t s ,  
U0 2 (N03 ) 2 *6H20 , U02 Oro3 ) 2 .3H 20 and A1(N03 ) 3 .9H 20 . The 
e x a c t  p o s i t i o n  o f  th e  e u t e c t i c  p o in t  was n o t  d e te rm in e d  
a n a l y t i c a l l y ;  i t s  p o s i t i o n  was a p p ro x im a te d  by c o n s id e r in g  
w here  th e  s lo p e  o f  th e  s o l u b i l i t y  c u rv e  changed  m ost a b r u p t ly .
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From th e  q u a l i t a t i v e  s t u d i e s  o f  t h e  sy s tem  i t  
i s  a p p a re n t  t h a t  to  e f f e c t  a  s e p a r a t io n  b e tw een  u r a n y l  
n i t r a t e  and alum inum  n i t r a t e  i n  s o l u t i o n s  a s  h ig h  a s  
10 M HNO3 and 1 .5  M AlCNO^)^ th e  te m p e ra tu re  sh o u ld  be 
r a i s e d  to  a t  l e a s t  30P C. A s e p a r a t io n  b e tw een  th e  two 
n i t r a t e s  i n  s o l u t io n s  o f  0 .5  M alum inum  n i t r a t e  
c o n c e n t r a t io n  o c c u rs  a t  2 0 °C. Thus f o r  s o l u t io n s  c o n ta in in g  
alum inum  n i t r a t e  c o n c e n t r a t io n s  e i t h e r  g r e a t e r  th a n  1 .5  M 
o r  l e s s  th a n  0 .5  M and i n  th e  ra n g e  o f  n i t r i c  a c id  
c o n c e n t r a t io n s  o f  0 -1 0  M, th e  te m p e ra tu re  r e q u i r e d  f o r  
e f f e c t i v e  s e p a r a t io n  can  be a p p ro x im a te d  by e x t r a p o l a t i o n  
o f  th e  a fo re m e n tio n e d  r e s u l t s .
From th e  l i t e r a t u r e  s u rv e y  i t  i s  known t h a t  a t  
te m p e r a tu re s  above 6 0 °C, th e  u ran iu m  n i t r a t e  fo rm s a l i q u i d  
w h ich  i s  c o m p le te ly  m is c ib le  i n  a l l  p r o p o r t io n s  w ith  a l l  
c o n c e n t r a t io n s  o f  n i t r i c  a c i d .  The alum inum  n i t r a t e ,  
a lth o u g h  v e ry  s o lu b le  a t  e le v a te d  te m p e ra tu re s  (6 gms. i n  
10 gms. s a t u r a t e d  s o l u t io n  a t  9 0 °C ), w i l l  s a t u r a t e  a 
s o l u t io n  and fo rm  a s o l i d  p h a se  o f  v a r i a b l e  h y d r a te s  ( 1 0 ) .
Thus th e  sco p e  o f  t h i s  i n v e s t i g a t i o n  c o u ld  be 
e x te n d e d  c o n s id e r a b ly  by  i n c r e a s in g  th e  l i m i t s  o f  
c o n c e n t r a t io n  f o r  n i t r i c  a c id  and alum inum  n i t r a t e ,  and 
by  c o n s id e r in g  th e  sy s tem  a t  h ig h e r  o r  lo w er te m p e r a tu r e s .
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APPENDIX
a .  The fo l lo w in g  i s  a  d i s c u s s io n  o f  th e  d ev e lopm en t
o f  th e  m ethod f o r  a n a l y s i s  o f  alum inum  n i t r a t e  i n  th e  
p re s e n c e  o f  u r a n y l  n i t r a t e  and n i t r i c  a c id .  An e x te n s iv e  
r e s e a r c h  p rog ram  in v o lv in g  l i t e r a l l y  h u n d re d s  o f  a n a ly s e s  
w ere r e q u i r e d  b e fo r e  an  a c c u r a te  and f a s t  m ethod o f  a n a l y s i s  
was d e v e lo p e d .
A t f i r s t  an  a t te m p t  was made to  c o n v e r t  th e  
alum inum  to  AlCOH)^ by a b u f f e r e d  p r e c i p i t a t i o n  a t  th e  
i s o l e c t r i c  p o in t  o f  AlCOH)^ (pH o f  9 . 8 ) .  However a t  t h i s  
pH th e  u ran iu m  was a l s o  p r e c i p i t a t e d  a s  th e  h y d ro x id e . 
S i m i la r ly  when alum inum  was p r e c i p i t a t e d  as alum inum  o x in a te  
u s in g  S -h y d ro x y q u in o lin e  th e  u r a n y l  o x in a te  a ls o  p r e c i p i t a t e d .
A cco rd in g  to  th e  m ethod o f  L u n d e ll  and K now les (7 )?  
to  an a c id  s o l u t io n  o f  UO^* and Al+W' , 8-h y d ro x y q u in o lin e  i s  
a d d e d . The s o l u t io n  i s  th e n  made b a s ic  w ith  ammonium 
c a rb o n a te  s o l u t i o n .  The alum inum  i s  p r e c i p i t a t e d  a s  alum inum  
o x in a te  w h ile  th e  u ran iu m  re m a in s  i n  s o l u t io n  a s  
UO3 ( CO3 ) 3 ( L|.. However t h i s  m ethod d id  n o t  work b e c a u se  
o f  th e  r e l a t i v e l y  h ig h  c o n c e n t r a t io n  o f  u ran iu m  com pared to  
th e  alum inum . Upon m aking th e  s o l u t i o n  b a s ic  w ith  ammonium 
c a rb o n a te  s o l u t i o n ,  th e  u ran iu m  a ls o  p r e c i p i t a t e d  a s  th e  
u r a n y l  o x in a t e .
A c o lo r im e te r  was c a l i b r a t e d  and an a t te m p t  was made 
t o  d e te rm in e  alum inum  c o l o r i m e t r i c a l l y  w ith  a lu m in o n  d y e .
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A f t e r  o b ta in in g  e r r a t i c  r e s u l t s  on s ta n d a r d  s o l u t i o n s  o f  
alum inum  p o ta s s iu m  s u lp h a te  c o n ta in in g  u r a n y l  n i t r a t e ,  i t  
was o b v io u s  t h a t  th e  y e llo w  u r a n y l  io n  i n t e r f e r e d  w ith  th e  
t e s t .
I t  was q u i t e  e v id e n t  t h a t  i n  o rd e r  to  a n a ly z e  f o r  
alum inum  i n  th e  p r e s e n c e  o f  u ran iu m  a co m p le te  s e p a r a t io n  
w ould h av e  to  be a c c o m p lish e d . T h is  was done by t r e a t i n g  
th e  s o l u t io n  to  be  a n a ly z e d  w ith  s a t u r a t e d  ammonium 
c a rb o n a te  s o l u t i o n .  The alum inum  was p r e c i p i t a t e d  a s  
AlCOH)^ w h ile  th e  u ran iu m  rem a in e d  i n  s o l u t io n  a s  
U0 3 (C0 3 ) 3 (NHLj.)l+. T o  e f f e c t  a  s e p a r a t io n  o f  th e  h y d ro x id e  
fro m  th e  u r a n y l  ammonium c a rb o n a te  th e  s o l u t io n  was p a s s e d  
th ro u g h  v e ry  f i n e  (#+2 Whatman) f i l t e r  p a p e r  and w ashed w ith  
b a s i c  ammonium a c e t a t e  s o l u t io n  ( t o  p r e v e n t  p e p t i z a t i o n ) .  An 
a lu m in o n  t e s t  o f  th e  f i l t r a t e  showed t h a t  some o f  th e  alum inum  
h a s  p a s s e d  th ro u g h  th e  f i l t e r  p a p e r .  Upon r e f i l t e r i n g ,  a 
q u a n t i t a t i v e  s e p a r a t io n  was e f f e c t e d .  The u s e  o f  c la y  
p a c k e d  p o r c e l a i n  f i l t e r  c r u c i b l e s  p ro v e d  to  be much to o  slow  
f o r  p r a c t i c a l  a p p l i c a t i o n .  The p r e c i p i t a t e  and f i l t e r  p a p e r  
w ere  p la c e d  i n  10 m is o f  IN HC1 and h e a te d  to  d i s s o l v e  th e  
A1 ( 011) 3 . T w o  m is . o f  8-h y d ro x y q u in o lin e  s o l u t io n  (5% i n  2N 
a c e t i c  a c id )  w ere ad d ed , th e  s o l u t i o n  was made b a s i c  w ith  2N 
ammonium a c e t a t e  s o l u t i o n ,  and th e  m ix tu re  was a llo w e d  to  
s ta n d  f o r  one h o u r .  The s o l u t io n  was th e n  f i l t e r e d  and w ashed 
w ith  w a te r .  The alum inum  o x in a te  was d i s s o lv e d  i n  U-N HC1,
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t i t r a t e d  w ith  s ta n d a r d  KBr03 s o l u t i o n ,  and back  t i t r a t e d  to  
a  s t a r c h  e n d -p o in t  w ith  s ta n d a r d  sodium  t h i o s u l p h a t e .  The 
r e s u l t s  were  fro m  6 to  20$  to o  h ig h  a s  d e te rm in e d  on w eighed  
sam p les  o f  alum inum  p o ta s s iu m  s u lp h a te  i n  s o l u t io n s  
c o n ta in in g  v a ry in g  am ounts o f  u r a n y l  n i t r a t e .  I t  was fo u n d  
t h a t  th e  h ig h  r e s u l t s  w ere due to  th e  p r e c i p i t a t i o n  o f  th e  
8-h y d ro x y q u in o lin e  i t s e l f .  I t  was fo u n d  t h a t  th e  r e a g e n t  
p r e c i p i t a t e d  a t  a  pH o f  5? so o n ly  20 m is . o f  2N ammonium 
a c e t a t e  was added  i n  th e  p ro c e s s  to  k eep  th e  pH u n d e r  5 . The 
r e s u l t s  o b ta in e d  on a n a l y s i s  w ere th e n  c o n s i s t e n t l y  from  
7 to  12$  to o  low .
F o r  a  f a s t e r  more co m p le te  s e p a r a t io n  o f  alum inum  
h y d ro x id e  from  th e  u r a n y l  ammonium c a rb o n a te  s o l u t i o n ,  
c e n t r i f u g i n g  was t r i e d .  The m ethod a s  d e s c r ib e d  i n  th e  
‘e x p e r im e n ta l  d e t a i l s '  b u t  u s in g  HC1 t o  d i s s o lv e  th e  
alum inum  h y d ro x id e  a lw ay s gave  low  a n a l y s i s  r e s u l t s .  From 
t h e  e q u a t io n  f o r  th e  d e c o m p o s itio n  o f  alum inum  c h lo r id e  i n  
h o t  a c id  medium A I2CL5 . I 2H2O -  A I2O3 4 6IIC1 4- 9H2O i t  was 
deduced  t h a t  s in c e  th e  alum inum  h y d ro x id e  was d i s s o lv e d  i n  a 
h o t  a c i d i c  medium, alum inum  o x id e  c o u ld  be fo rm ed  and w ould 
r e s u l t  i n  low  r e s u l t s .  U nder t h i s  su rm ise  a n a ly s e s  on 
s ta n d a r d  alum inum  sam p les  w ere p e rfo rm e d  w ith  a  s m a ll  
m o d i f i c a t io n  o f  th e  m ethod . I n s t e a d  o f  d i s s o lv in g  th e  alum inum  
h y d ro x id e  i n  HC1, a  s e t  o f  a n a ly s e s  was p e rfo rm ed  u s in g  H-N 
HNO3 and a n o th e r  s e t  o f  a n a ly s e s  u s in g  H2SOI+. I n  b o th  s e t s  
o f  a n a ly s e s ,  f o r  th e  f i r s t  t im e , th e  r e s u l t s  were  a c c u r a te  to
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w ith in  2#  o f  th e  c o r r e c t  v a lu e .
The fo l lo w in g  i s  a  sm a ll  p o r t i o n  o f  th e  a n a l y t i c a l
r e s u l t s  i n d i c a t i n g  th e  d ev e lopm en t o f  th e  m ethod f o r  th e
d e te r m in a t io n  o f  alum inum . The s ta n d a r d  s u b s ta n c e  was r e a g e n t
g ra d e  alum inum  p o ta s s iu m  s u lp h a te .
W ith  th e  a d d i t i o n  o f  to o  much ammonium a c e t a t e  i n
th e  p r e c i p i t a t i o n  o f  th e  alum inum  o x in a te  th e  fo l lo w in g
r e s u l t s  w ere o b ta in e d :
Gms. A1 i n  Gms. A1 from
S ta n d a rd  Sam ple A n a ly t i c a l  R e s u l ts  D e v ia t io n
3 9 .6  x  1 0 "5+ 1*2.0 x  10_5+ 6 .1 #  H igh
V f.8  x  10-1+ 5 2 .2  x  1 0 ^  1 6 .5 #  H igh
1*5.6 x. 10~1+ 5 1 .9  X 10J+  1 3 .8 #  H igh
U sing  a  c o n t r o l l e d  amount o f  ammonium a c e t a t e  w ith
d i s s o l u t i o n  o f  th e  alum inum  h y d ro x id e  i n  HC1, th e  fo l lo w in g
r e s u l t s  w ere o b ta in e d :
Gms. A1 i n  Gms. A1 from
S ta n d a rd  Sam ple A n a ly t i c a l  R e s u l ts  D e v ia t io n
**5.8 x  1CT1* 3 7 .0  x  10-If 1 9 .2 #  Low
h-5.2 x  1 0 > * 2 . 0  x  10~lf 7 .1 #  Low
h 7 ,b  x  10“ ^  ¥ * .6  x  10“ ^  5 .9 #  Low
U sing  H2SOI1- to  d i s s o lv e  th e  alum inum  h y d ro x id e
( th e  HTTO3 a d d i t i o n  c au se d  e f f e r v e s c e n c e )  th e  r e s u l t s  o f  f u r t h e r
r e s t a n d a r d i z a t i o n  w ere w i th in  1#  o f  th e  c o r r e c t  v a lu e .
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